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OBJECTIVE — To evaluate the effect of supervised progressive resistance-exercise training
(PRT) protocol on insulin sensitivity, glycemia (blood glucose and A1C levels), lipids, and body
composition in Asian Indians with type 2 diabetes.
RESEARCH DESIGN AND METHODS — Thirty patients with type 2 diabetes under-
went 12 weeks of PRT of six muscle groups (two sets, 10 repetitions each). The subjects were
evaluated with detailed anthropometry and with measurements of the disappearance of glucose
per unit time (K) during the short insulin tolerance test (KITT) for assessment of insulin sensi-
tivity; of fasting blood glucose, A1C, lipids, and high-sensitivity C-reactive protein (hsCRP); of
total body fat, regional fat, and lean body mass by dual-energy X-ray absorptiometry; and of
cross-sectional skeletal muscle area of upper arm and thigh by computed tomography scan.
RESULTS — Insulin sensitivity improved signiﬁcantly from mean  SD KITT 1.22  0.73 to
2.130.75(P0.0001)aftertheintervention.Signiﬁcantdecline(meandifferenceSD)from
baseline was recorded in levels of the following parameters: A1C (0.54  0.4%, P  0.001),
fasting blood glucose (2.7  2.2 mmol/l, P  0.001), total cholesterol (0.39  0.7 mmol/l, P 
0.003), serum triglycerides (0.39  0.5 mmol/l, P  0.001), and truncal and peripheral sub-
cutaneous adipose tissue compartments (SCAT) (P  0.001). However, no signiﬁcant changes
werenoticedinBMIorlevelsoftotalbodyfat,truncalfat,leanbodymass,cross-sectionalskeletal
muscle area of the extremities, or hsCRP levels.
CONCLUSIONS — Moderate-intensity PRT for 3 months resulted in signiﬁcant improve-
ment in insulin sensitivity, glycemia, lipids, and truncal and peripheral SCAT in patients with
type 2 diabetes. Resistance training should be an integral part of exercise regimen in Asian
Indians with type 2 diabetes.
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P
rospective epidemiological studies
across several populations have in-
dicated that insulin resistance is the
central feature of the metabolic syndrome
and the primary defect in development of
type2diabetes.Itoftenantedatesdiabetes
by several years. Insulin resistance is also
reported to be a risk factor for develop-
ment of cardiovascular disease.
Both aerobic and resistance exercise
effectively improve insulin sensitivity and
lead to better glycemic control in patients
with type 2 diabetes (1). While aerobic
exercise has been extensively investigated
and shown to be beneﬁcial for glucose-
lipid metabolism, resistance exercise has
been less researched. Interestingly, resis-
tance training could be more effective
than aerobic exercise in improving the
glycemic proﬁle (2). Further, a combina-
tion of these exercise regimens may even
be more beneﬁcial in improving insulin
sensitivity and glycemic control (3,4).
Asian Indians manifest insulin resis-
tance and the metabolic syndrome at a
younger age and at a higher magnitude
thanmanyotherethnicgroups(5,6).Pos-
sible determinants of insulin resistance in
AsianIndiansareexcessoveralladiposity,
in particular abdominal adiposity; excess
truncal subcutaneous adipose tissue
(SCAT);andlowskeletalmusclemass(5–
7).Ithasbeendebatedwhetherresistance
exercise will be metabolically more bene-
ﬁcial in Asian Indians (8). However, the
effectsofresistanceexerciseonoverallad-
iposity,truncalandperipheralSCAT,and
intra-abdominal adipose tissue (IAAT)
have not been properly evaluated. Fur-
ther, it is not clear whether increasing the
mass and augmenting the function of ma-
jor skeletal muscle groups in Asian Indi-
ans could have a better effect on insulin
sensitivity compared with its effect in
other ethnic groups. Resistance exercise
might target both excess adiposity and
low skeletal muscle mass in Asian Indi-
ans. Therefore, it appears that resistance
exercisecouldbespeciﬁcallyusefulinim-
proving insulin sensitivity and metabolic
parameters in Asian Indians with type 2
diabetes.
We hypothesized that increasing the
massandenhancingthefunctionofmajor
skeletal muscle groups by use of super-
vised progressive resistance-exercise
training (PRT) protocol for 3 months will
improve insulin sensitivity in Asian In-
dian patients with type 2 diabetes. We
also hypothesized that PRT protocol
would improve the levels of fasting blood
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reactive proteins (hsCRP), and anthropo-
metric parameters and, speciﬁcally,
decrease truncal SCAT and increase ex-
tremity skeletal muscle mass.
RESEARCH DESIGN AND
METHODS
Subject characteristics
Thisprospectivestudywasundertakenin
the Department of Medicine, All India In-
stitute of Medical Sciences, New Delhi,
India, from April 2004 to March 2006.
Thirty patients with type 2 diabetes were
selected from the medical outpatient de-
partmentanddiabetesclinic.Afterethical
clearance, written informed consent was
obtained.Thefollowingsubjectswereex-
cludedfromthestudy:patientsoninsulin
or thiazolidinedione therapy and those
with coronary artery disease, signiﬁcant
respiratorydisease,orthopedicsproblems
that would interfere with resistance exer-
cise training, advanced diabetes-induced
end-stage organ damage, or pregnancy.
Patients were on stable doses of oral hy-
poglycemic drugs (sulfonylureas, bigua-
nides, and meglitinides) for the previous
3 months. Most of the patients were al-
ready following an aerobic exercise regi-
men as prescribed by their physicians,
which was further reinforced. Compli-
ance was observed at 85% through a self-
maintained diary. During the 12-week
intervention, patients did not change the
dose of oral hypoglycemic medications,
dietarypattern,orintensityofbaselineac-
tivities including aerobic exercises.
Short insulin tolerance test
Short insulin tolerance test (SITT), which
has been validated against hyperinsuline-
mic-euglycemic clamp technique as a
simple, valid, reproducible, and shorter
method for the measurement of insulin
sensitivity, was performed in this study
(9,10). A number of investigators have
used this method in clinical studies to
measure whole-body insulin sensitivity
(11). A scalp vein set was inserted in the
antecubital vein, and venous blood
samples were taken at 3 and 0 min.
Subsequently, rapid-acting insulin (Hu-
minsulin R; Eli Lilly) at an intravenous
bolus dose of 0.05 units/kg body wt was
given at 0 min. Venous blood was col-
lected at 3-, 6-, 9-, 12-, and 15-min inter-
vals for blood glucose estimation, and the
measured values were log transformed.
The rate of decline of blood glucose levels
was calculated by plotting the disappear-
ance of glucose per unit time (K value).
Patients were monitored for signs of hy-
poglycemia. The initial SITT was per-
formed in the beginning of the study
before the start of PRT protocol, and the
ﬁnal SITT was done 72–96 h after the last
exercise bout at the end of 12 weeks.
Biochemical measurements
Fasting venous blood samples were
drawn for estimation of fasting blood glu-
cose (FBG) and serum lipids (total, LDL,
VLDL, and HDL cholesterol and serum
triglycerides). Assay for hsCRP was car-
ried out using an ELISA kit (Biocheck,
CA).
Anthropometric measurements
BMIwascalculatedasweightinkilograms
divided by the square of height in meters.
Circumferences at waist, hip, midarm,
midthigh, and calf were recorded to the
nearest0.1cm.Biceps,triceps,thigh,calf,
subscapular, anterior axillary, lateral tho-
racic, and suprailiac skinfolds were mea-
sured using Lange skinfold calipers as
previously described (12).
Dual-energy X-ray absorptiometry
and computerized tomography scans
Regional and global measurements of
whole-body fat and lean body mass were
estimated by using a whole-body dual-
energy X-ray absorptiometry scan (Ho-
logic QDR 4500A with fan beam). For
studying the cross-sectional area of mus-
clemass,twoaxialsectionsusingahelical
computerizedtomography(CT)scan(So-
matom Plus 4; Siemens, Erlangen, Ger-
many) were taken, one at the midpoint of
the right thigh (midpoint of line joining
superior rim of femoral head and inferior
surface of femoral condyle) and the other
at the midpoint of the right arm (mid-
point of line joining superior rim of hu-
meral head and inferior surface of the
humerus condyle). Muscle bulk was
mapped using a user-selectable region of
interest, taking care to exclude adipose
tissue and all other extraneous soft tissue.
The skeletal muscle area (using CT im-
ages) was analyzed by a single observer
using in-built software.
PRT protocol
The subjects were familiarized with the
correct method of performing the follow-
ing exercises: biceps ﬂexion, shoulder
ﬂexion, ﬁnger grip, hip ﬂexion, knee ex-
tension, and heel rise. They underwent
onsite supervised PRT protocol for 12
weeks (3 days per week) in the physio-
therapy clinic supervised by the same
physiotherapist (K.M.). The ﬁrst, second,
and third training sessions were per-
formed every alternate day in a week and
were within 48 h of the last exercise
bout. The gap between the third and
fourth training session (performed at the
startofthenextweek)wasmorethan48h
because of the weekend. Similar training
schedules were implemented for each
week until week 12. Each subject under-
went warming up for 10 min by doing
gentle stretching exercises of upper and
lower limbs. For each subject, the repeti-
tion maximum (RM) was calculated for a
particular muscle group. First,a3R Mf o r
that particular set of muscles was identi-
ﬁed. Then, the patient was started on one
weight less than that for a 3 RM. The sub-
ject performed 10 such repetitions using
that weight and two sets (moderate inten-
sity) in each group of muscles. If the pa-
tient was able to perform such exercise at
the end of the week, 0.5 kg weight was
added in the next week. Compliance was
analyzed to be 100% at each visit.
Statistical analysis
For quantitative variables, arithmetic
meanandSDwerecomputedasmeasures
of descriptive statistics. Student’s t test
was applied to compare the mean values
before and after the protocol. The mean
difference of the values at end (three
months) and start (0 months) of the pro-
tocolwascalculatedforallthevariables.A
Pvalue0.05wasconsideredstatistically
signiﬁcant. STATA 9.0 (intercooled ver-
sion; STATA, Houston, TX) was used for
data analysis.
RESULTS
Sample description
The subjects were middle-aged (mean 
SD age 40.8  8.1 years [range 24–50])
with a wide range of BMI (24.1  3.9
kg/m
2; [17.5–30.0 ]). Of the 30 subjects
(22 male and 8 female), 10 were hyper-
tensive and 11 had diabetic retinopathy.
Insulin sensitivity and metabolic
parameters
Insulin sensitivity (Fig. 1) improved as
the K value increased (from K of SITT
[KITT]1.220.732to2.130.751[P
0.0001]) signiﬁcantly after the protocol.
A1C showed a signiﬁcant decline, from
7.72  0.47% at baseline to 7.18 
0.33% (P  0.001). Also, FBG decreased
signiﬁcantly, from 10.07  2.0 to 7.4 
1.2 mmol/l (P  0.001). Signiﬁcant de-
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els of lipids were recorded from baseline:
total cholesterol (0.39  0.7 mmol/l, P 
0.003), triglycerides (0.39  0.5 mmol/l,
P  0.001), and VLDL cholesterol
(0.340.6mmol/l,P0.003)(Table1).
Anthropometric measurements
After the protocol, there was no signiﬁ-
cant change in BMI. However, a signiﬁ-
cant decrease (P  0.001) in body
circumference and skinfold thickness at
truncal and peripheral sites was observed
(Table 2).
Adiposity, lean mass, and
circumferential extremity of skeletal
muscle area
No signiﬁcant differences were noted in
the following parameters: total body fat,
ratio of truncal to total body fat, regional
fat in right upper arm and thigh, total-
body lean mass, and lean mass of right
arm and leg. There were also no signiﬁ-
cant differences noted in midarm and
midthigh skeletal muscle cross-sectional
area (Table 3).
CONCLUSIONS— For the ﬁrst time,
we report a signiﬁcant improvement in
insulin sensitivity and A1C, a decrease in
truncal and peripheral SCAT, and a de-
cline in lipid values after 3 months of
supervised PRT in Asian Indians with
type 2 diabetes. This study is signiﬁcant
because it is likely that PRT may be more
effective in Asian Indians than in white
Caucasians because of excess overall adi-
posity, higher truncal SCAT, and lower
skeletal muscle mass. Among the risk fac-
tors for the metabolic syndrome, waist
circumference and triglyceride and FBG
levels decreased signiﬁcantly.
In the present study, all patients ex-
cept one had improved insulin sensitivity
after 3 months as determined by SITT.
Similar to our ﬁndings, those of other re-
searchers studying disparate populations
have shown an improvement in insulin
sensitivity in sedentary nonobese (13)
and older (14) men with type 2 diabetes
using resistance exercise regimens alone.
While the former study used moderate-
intensity PRT, high-intensity PRT was
usedinthelatter.However,Dunstanetal.
(15)reportedaminimalchangeininsulin
sensitivity in older men and women (age
60–80years)afteraregimenofcombined
resistance training and weight loss. Dis-
crepancies in the ﬁndings of different in-
vestigators could be due to variable and
often inadequate duration of intervention
and use of different methods to measure
insulin sensitivity.
Exercise training, whether aerobic or
resistance, leads to an increase in skeletal
muscle GLUT4 content. Resistance train-
ing produces an increase in fat-free mass,
contributing to increased glucose dis-
posal, whereas aerobic training enhances
glucose disposal independent of changes
in fat-free mass, fat mass, or maximum
aerobic capacity, bringing about func-
tional changes in the muscle. It is likely
that, due to different mechanisms of ac-
tion, the addition of resistance exercise to
aerobic training can help achieve the tar-
gets in shorter time than achievable by
isolated aerobic exercise alone.
A1CandFBGvaluesdeclined(0.54%
and 2.7 mmol/l, respectively) from base-
line,indicatingasigniﬁcantimprovement
in glycemic control. Several investigators
have shown a decline of A1C ranging
from 0.5 to 1.2% after resistance exercise
alone (16) or resistance exercise com-
bined with a weight loss regimen (15)
spanning over a period of 3–6 months,
whereasothers(13,14)failedtoshowany
improvement after 8–16 weeks of train-
ing. Balducci et al. (17) reported an im-
Figure 1—Insulin sensitivity as assessed by SITT and depicted as K value (see text for details)
before and after intervention. Increasing value denotes improved insulin sensitivity.
Table 1—Changes in metabolic parameters with PRT protocol
Variables PRT ( 0 months) PRT (1 month) PRT (2 months) PRT (3 months) Mean difference P*
n 30 30 30 30 — —
FBG (mmol/l) 10.07  2.0 8.7  1.3 8.2  1.1 7.4  1.2 2.7  2.2 0.001
Total cholesterol (mmol/l) 4.58  0.7 4.35  0.5 4.29  0.6 4.19  0.5 0.39  0.7 0.003
TG (mmol/l) 1.99  0.6 1.81  0.5 1.63  0.5 1.59  0.4 0.39  0.5 0.001
HDL cholesterol (mmol/l) 1.19  0.08 1.19  0.06 1.19  0.09 1.21  0.09 0.02  0.1 0.331
LDL cholesterol (mmol/l) 1.46  0.6 1.35  0.4 1.34  0.4 1.35  0.4 0.09  0.4 0.210
VLDL cholesterol (mmol/l) 1.06  0.6 0.82  0.3 0.75  0.2 0.71  0.2 0.34  0.6 0.003
A1C (%) 7.7  0.5 7.5  0.5 7.3  0.5 7.2  0.3 0.54  0.4 0.001
Data are means  SD. *P  0.05 considered signiﬁcant. TG, triglyceride.
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aerobic and resistance exercise for 1 year.
It is possible that a longer course of exer-
cise may lead to more improvement in
glycemia. The fact that glycemic control
improved signiﬁcantly in our study
within 3 months could also mean that
Asian Indians may respond better to PRT
than other ethnic groups. We demon-
stratedasigniﬁcantdeclineinlipidlevels;
however, better effect has been seen on
long-term resistance exercise protocol
(17). Finally, we were not able to demon-
strate a signiﬁcant decrease in hsCRP lev-
els,ashasbeenreportedaftera12-month
study (18).
Our hypothesis was that PRT would
improve insulin sensitivity by increasing
the lean body mass in Asian Indians with
type 2 diabetes. As skeletal muscle is the
principle area of glucose disposal, in-
creasing muscle bulk would increase in-
sulinsensitivity,perhapsduetoimproved
muscle physiology and vascularity. How-
ever, we did not observe any change in
leanbodymassandcross-sectionalareaof
skeletal muscles of upper arm and thigh.
Contradictory results have been reported
regarding the effect of resistance exercise
on skeletal muscle area and mass (4,19).
It is possible that a higher number of re-
sistance exercises using more muscle
groups than used in our protocol may in-
crease muscle mass signiﬁcantly. While
varying duration of study and protocols
may be offered as explanations, there is a
possibility that resistance exercise may
decrease intramyocellular triglyceride
content, which may mask the increase in
the muscle mass, and both effects could
lead to an improvement in insulin sensi-
tivity. Speciﬁcally, we have previously re-
Table 2—Changes in anthropometric variables with PRT protocol
Variables PRT (0 months) PRT (3 months) Mean difference P*
n 30 30 — —
BMI (kg/m
2 ) 24.1  3.9 24.1  3.7 0.1  1.1 0.614
Circumferences (cm)
Waist 87.9  13.1 86.3  12.7 1.6  1.9 0.001
Hip 94.3  10.5 92.5  10.5 1.8  1.2 0.001
Mid-thigh 46.5  5.9 44.9  5.6 1.7  1.1 0.001
Mid-arm 29.3  5.2 28.1  4.6 1.2  1.0 0.001
Waist-to-hip ratio 1.0  0.2 1.0  0.1 0.0  0.1 0.091
Skinfolds (mm)
Biceps 7.2  2.1 6.3  1.9 0.9  0.6 0.001
Triceps 15.4  8.6 14.1  8.1 1.3  1.3 0.001
Subscapular 25.9  10.3 24.3  9.8 1.6  1.3 0.001
Anterior axillary 18.4  11.8 17.4  11.2 0.9  1.2 0.001
Suprailiac 27.2  13.4 25.8  13.1 1.4  1.3 0.001
Thigh 23.8  11.6 22.4  11.3 1.5  1.1 0.001
Calf 7.9  3.9 7.1  3.4 0.9  0.9 0.001
Lateral thoracic 26.6  11.0 25.6  10.7 1.3  0.9 0.001
Subscapular-to-triceps skinfold ratio 1.8  0.7 1.90  0.8 0.08  0.2 0.075
Central skinfolds 98.1  40.5 92.9  38.7 5.2  3.5 0.001
Peripheral skinfolds 54.4  21.6 49.8  20.4 4.5  3.1 0.001
Data are means  SD. Central skinfolds: sum of values of subscapular and suprailiac skinfolds. Peripheral skinfolds: sum of values of biceps and triceps skinfolds.
*P  0.05 considered signiﬁcant.
Table 3—Changes in percent total body fat, regional fat, lean body mass, and cross-sectional skeletal muscle area of upper and lower
extremities with PRT protocol
Variable PRT (0 month) PRT (3 months) Mean difference P*
n 30 30 — —
Body fat (%) 27.7  10.6 27.3  10.3 0.3  1.5 0.239
Truncal––to–total body fat ratio 0.6  0.1 0.6  0.1 0.0  0.0 0.96
Lean body mass (kg) 42.3  6.0 42.6  6.2 0.2  1.5 0.384
Right arm fat (%) 25.1  12.5 23.9  12.6 1.2  6.2 0.311
Right arm regional fat (%) 23.9  12.1 22.8  12.5 1.2  6.3 0.328
Right arm lean mass (kg) 2.8  0.8 2.9  0.6 0.1  0.5 0.166
Right midarm muscle area (cm
2) 34.1  6.7 33.6  8.3 0.5  3.8 0.487
Right leg fat (%) 25.0  11.8 24.7  11.3 0.3  1.5 0.218
Right leg regional fat (%) 23.9  11.4 23.7  10.9 0.2  1.4 0.386
Right leg lean mass (kg) 6.8  1.2 6.9  1.2 0.1  0.4 0.294
Right mid-thigh muscle area (cm
2) 111.4  17.8 111.6  19.0 0.1  6.7 0.092
Data are means  SD. Measurements of percent total body fat, regional fat, lean body mass done by dual-energy X-ray absorptiometry. Measurements of
cross-sectional skeletal muscle area of upper and lower extremities done by CT scan. *P  0.05 considered signiﬁcant.
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content of soleus muscle in Asian Indians
with or without type 2 diabetes (20).
There was a signiﬁcant decrease in all
the central and peripheral skinfolds, signi-
fying a loss of both truncal and peripheral
SCAT. In contrast to that in white Cauca-
sians, in whom IAAT is believed to be a
more important determinant of insulin re-
sistance, we believe that truncal SCAT is
quantitatively greater and a better correlate
of insulin sensitivity in Asian Indians (21).
While most studies have demonstrated a
decrease in both IAAT and SCAT with PRT
alone(14,19)orcombined(3)withaerobic
training, Sigal et al. (4), in a case-control
study, reported a signiﬁcant decrease in ab-
dominal SCAT without any alteration in
IAAT after aerobic or resistance exercise
alone.AsigniﬁcantdecreaseinSCATinour
patients with type 2 diabetes after short-
term PRT protocol is interesting, and we
speculate that decrease in SCAT may have
made a signiﬁcant contribution to the im-
proved insulin sensitivity in Asian Indians
seen in our study.
Regardless of how it is achieved,
whether through calorie restriction, aero-
bic exercise, resistance training, or any
combination of lifestyle factors, a reduc-
tionintruncalobesityappearstoimprove
insulin sensitivity (19). While calorie re-
striction and/or aerobic exercise are effec-
tive at inducing weight loss and reducing
truncal obesity, lean body mass (skeletal
muscle tissue) may be sacriﬁced in the
process. When resistance training is in-
cluded as part of the weight loss regimen,
lean body mass can be simultaneously
maintainedorevengained(22).Thismay
prove advantageous in the long-term
management of type 2 diabetes and the
metabolic syndrome.
Because of their distinctive body
composition and high tendency to de-
velop insulin resistance and type 2 diabe-
tes, Asian Indian ethnic groups constitute
a population of interest with regard to
studying the effects of resistance exercise.
Tofurthervalidateourinterestingresults,
additionalstudiesincludingthefollowing
are required: larger sample size; longer
duration of study; more intensive PRT
protocol involving more muscle groups;
and more accurate documentation of
SCAT, IAAT, and total abdominal fat
measured by computed tomography/
magnetic resonance imaging scan, as has
been done in our previous study (23).
In conclusion, supervised PRT for 3
months leads to signiﬁcant improvement
in insulin sensitivity and values of A1C,
totalcholesterol,triglycerides,VLDLcho-
lesterol,andtruncalandperipheralSCAT
in Asian Indians with type 2 diabetes. We
suggest moderate-intensity PRT for Asian
Indians with type 2 diabetes to improve
insulin sensitivity, glycemia, and lipid
levels and to decrease SCAT.
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